cell. The complex is a dimer (two autoregulatory fragments and two kinase domains), held together by interaction of the autoregulatory fragments.
The IS domain is a bundle of three ␣ helices (I␣1-3), lished data). The IS domain forms the core of the autowith a short N-terminal ␤ hairpin. The first strand of the regulatory fragment; it appears to inhibit the kinase with hairpin is a continuation of the dimer-forming strand. one surface and anchor the dimer contact with another.
The kinase inhibitor (KI) segment, which passes through Its structure resembles closely that of a related, autoregthe cleft of the kinase, is a C-terminal extension of the ulatory segment from WASP (Kim et al., 2000) . As dem-IS domain. The IS domain has a hydrophobic core, to onstrated for WASP, binding of Cdc42 or Rac to PAK which residues from the ␤ hairpin and all three helices will disrupt the IS domain, reconfiguring the PBD part contribute ( Figure 3A ). Its structure is strikingly similar of the autoregulatory fragment, thereby relieving the kito that of the recently published "autoinhibited state of nase inhibition and breaking the dimer contact (Abdulthe WASP PBD" (Kim et al., 2000) . Indeed, the ordered Manan et al., 1999; Kim et al., 2000) . The folded structure parts of the WASP fragment studied in that work (WASP of the autoregulatory fragment is thus contingent on the residues 242-310 fused by a short linker to residues identity of its partner. The PAK1 structure invokes the 461-492) can now be described as an IS domain (250-possibility of heterodimeric complexes of PAKs and 310) fused to an ␣ helix from the WASP cofilin-like segWASPs. ment (461-479). The WASP IS domain has a fourth ␣ helix at its C-terminal end.
Results and Discussion
In our PAK1 structure, helices I␣2 and I␣3 of the IS domain pack against the large lobe of the kinase (helices . The tight interaction of the IS and 88) of the autoregulatory fragments. The dimer is asymkinase domains, disrupted by these mutations, is thus metric, because residues 80-87, paired as antiparallel essential for positioning the KI segment across the cata-␤ strands, pack preferentially against one of the two IS lytic site and for preventing activation of the enzyme. domains. The conformations of the two complexes are Efforts to prepare the PAK1(70-149) fragment in the otherwise identical, however, and the asymmetry lies absence of the kinase domain yield a poorly behaved entirely in different twists of the polypeptide backbone protein with a strong tendency to aggregate. The IS between residues 87 and 88 ( Figure 3A) . In the paradomain on its own may be largely unfolded, requiring graphs that follow, we first describe a single autoregulaan interface with the kinase domain for stability. tory fragment/kinase domain complex, and we then reKinase Domain turn to a description of the dimer interaction. We note
The kinase domain has the standard, two-lobe structure that because of the chain discontinuity between resicharacteristic of all known protein kinases (Figure 2A ) dues 149 and 249, we do not yet know whether in a (Knighton et al., 1991) . There are two additional helices similar dimer with intact PAK1 chains, the regulatory at the N terminus of the small lobe, and there is a final, contacts would be between parts of the same or of C-terminal helix packed against the interdomain hinge. opposite polypeptides. That is, we cannot determine
The cleft between the two lobes is relatively open. The from the structure itself whether the regulation is in cis or entire small lobe is substantially more mobile than the in trans. We therefore designate the two autoregulatory large lobe, and several loops are particularly flexible. fragments as A and B and the two kinase domains as Helix C is displaced from the catalytic site by about C and D (Figure 2A) . Chain A packs against C and B 10 Å , relative to the position it is likely to have in the against D, but whether A would connect covalently to active conformation ( Figure 4A ). It appears to be stabilized in this position by interactions with helix A, which C or D in the intact dimer remains to be determined. flip back and forth between two equivalent asymmetric accurate in a key comparison region, and we have therefore chosen to use it, rather than the PAK1 complex, for states, with hinge points at Val87 (A and B) .
comparison.] The WASP peptide in the complex (resiWhat is the oligomeric state of PAK1 in solution? As dues 230-288) corresponds to residues 67-125 of PAK1 summarized in Figure 5 , experiments using calibrated (see Figure 2B) ; for simplicity we use PAK1 numbering size exclusion chromatography, dynamic light scatterhere to describe the interactions. Residues 67-113 are ing, and analytical ultracentrifugation demonstrate that well defined ( Figure 3D ). Residues 79-84 form a ␤ strand, PAK1(70-149 ϩ 249-545) and PAK1(70-545) are assemwhich adds to the edge of the Cdc42 ␤ sheet. Unlike blies of about 85 kDa and 106 kDa, respectively, as I␤1 in the PAK1 dimer, however, the I␤1 strand in the expected if the crystallographic interaction is present WASP-Cdc42 complex does not continue smoothly into in these species. The hydrodynamic radius of the a ␤ hairpin. Rather, there is a ␤ bulge at residue 85, PAK1(70-545) dimer is significantly larger than that of followed by a hairpin (equivalent to the hairpin in PAK1 the four-chain complex, probably because residues formed by the C-terminal part of I␤1 and I␤2) and then 150-248 are in an extended, flexible loop with measurby an ␣ helix (I␣1). The effect of the bulge is to flip the able frictional drag. PAK1 can also dimerize when expolypeptide chain by ‫081ف‬Њ around its axis, relative to pressed in 293 cells, and these dimers dissociate when the unbulged strand in PAK1, and part of the Cdc42 ␤ coexpressed with activated Cdc42 or Rac1 (M.-C. P., interaction is thus on the opposite side of the strand M. L., and B. J. M., unpublished data).
from the ␤ ribbon interaction in the PAK1 dimer (compare Figures 3A and 3E It is possible to imagine that Cdc42 begins by contacting the N-terminal part of I␤1, approaching from the complex. We believe that the latter is somewhat more (2000) have shown that the fused cofilin-like segment structure reported here cannot resolve this question, because of the missing connection between the two is required to obtain a fully folded WASP IS structure, unless small amounts of organic solvent are used to fragments. The linker between the autoregulatory region and the kinase domain contains 99 residues, and it is stabilize its largely helical secondary-structure elements. The marginal stability of one state of a continlong enough to make either a cis or a trans connection. Indeed, both possible connections could in principle be gently folded domain may be essential for its capacity to switch into another state.
present in a population of PAK1 dimers. If the interaction 
